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Claims 



1. A manufacturing method for a fused silica glass optical 
waveguide characterized by the following facts: 

in the manufacturing method for a fused silica glass 
optical waveguide, after direct deposition of fine glass 
particles, which are formed by loading glass feed material in an 
oxygen /hydrogen flame burner, on a substrate, the deposited film 
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is subjected to vitrification at a high temperature so as to 
form a fused silica glass film on the aforementioned substrate; 

in this manufacturing method for a fused silica glass 
optical waveguide, the substrate with the aforementioned fine 
glass particles to be deposited on it is positioned above the 
aforementioned oxygen /hydrogen flame burner, with the depositing 
surface of the aforementioned substrate facing downward; 

the aforementioned oxygen /hydrogen flame burner is arranged 
such that the flow of the spray of the burner forms an angle in 
the range of 0-85° with respect to the vertical direction. 

2 . A manufacturing device for a fused silica glass optical 
waveguide characterized by "the following facts: 

the device is for manufacturing a fused silica glass 
optical waveguide by means of high- temperature vitrification of 
a deposited film of fine glass particles on a substrate to form 
a fused silica glass film on the aforementioned substrate; this 
manufacturing device 'of fused silica glass optical waveguide has 
an oxygen /hydrogen flame burner for spraying fine glass 
particles formed from loaded glass feed material onto the 
depositing surface of the substrate, and a seed rod that 
supports the aforementioned substrate, and it is for directly 
depositing the aforementioned fine glass particles onto the 
substrate; 

in this manufacturing device for a fused silica glass 
optical waveguide, the substrate with the aforementioned fine 
glass particles to be deposited on it is positioned above the 
aforementioned oxygen/hydrogen flame burner, with the depositing 
surface of the aforementioned substrate facing downward; 

the aforementioned oxygen/hydrogen flame burner is arranged 
such that the flow direction of the spray of the burner forms an 
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angle in the range of 0-85° with respect to the vertical 
direction. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a method and a device for 
manufacturing a fused silica glass optical waveguide as an 
optical part of the plane waveguide type. 

Prior art 

It is well known that a fused silica glass optical 
waveguide, which can be formed on a fused silica glass substrate 
or silicon substrate, has excellent matching properties with 
fused silica glass optical fiber, and it has promise as a means 
of realizing the waveguide type optical parts for practical 
application . 

Figure 5 is a diagram illustrating the process in the 
conventional manufacturing method for a fused silica glass 
optical waveguide. The process of this manufacturing method for 
a fused silica glass optical waveguide can be explained in steps 
in the following with reference to the figure. 

(a) By means of the flame hydrolysis reaction of the glass 
forming feed gas mainly made of SiCl 4 , fine glass particle layer 
(2a) as buffer and fine glass particle layer (3a) as core are 
deposited in sequence on substrate (1) . 

(b) Then, said two fine glass particle layers (2a) and (3a) 
are heated to vitrification in an electric oven together with 
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substrate (1), forming a fused silica glass optical waveguide 
film made of buffer layer (2b) and core layer (3b) . 

(c) Then, the undesired portion of core layer (3b) is 
removed by means of a reactive ion etching method, forming core 
ridges (3c) . 

(d) Finally, in deposition of clad glass layer (4) having 
the same refractive index as that of the buffer layer to cover 
cores (3c) , the flame hydrolysis reaction is used again. It is 
also possible to make use of a sputtering method with a Si0 2 
plate as the target. 

Figure 6 is a diagram illustrating in detail the method for 
depositing the fine glass particle layer that plays an important 
role in the manufacturing process shown in Figure 5. In the 
figure, (1) represents substrate; (10) represents a torch for 
forming the fine glass particles; (10a) represents an 
oxygen /hydrogen flame; and (11) represents a gas exhaust pipe. 
SiCl 4 or another glass forming feed gas fed into fine glass 
particle forming torch (10) is subjected to a flame hydrolysis 
reaction in oxygen /hydrogen flame (10a) comprising 0 2 gas and H 2 
gas to form fine glass particles. Together with the 
oxygen /hydrogen flame, the formed fine glass particles are blown 
onto., the surface of the substrate so that a fine glass particle 
layer is deposited on substrate (1) . Excess fine glass particles 
that do not attach to substrate (1) are exhausted through gas 
exhaust tube (11) . Torch (10) and substrate (1) experience 
relative movement by means of a torch driving device or a 
substrate driving device (not shown in the figure) . In this way, 
a fine uniform glass particle layer is deposited. Also, during 
deposition, by changing the concentration of the dopant (GeCl 4 or 
TiCl 4 ) for reducing the refractive index in the glass forming 
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feed gas, it is possible to separately form the buffer layer and 
core layer. 

The fused silica glass optical waveguide manufactured using 
the conventional manufacturing method illustrated in Figures 5 
and 6 has a transmission loss as low as 0.1 dB/cm or less, and 
it has excellent productivity and weatherability . It is 
excellent for practical use. 

Problems to be solved by the invention 

In the aforementioned conventional manufacturing device for 
a fused silica glass optical waveguide, the fine glass particles 
are deposited on substrate (1) as oxygen/hydrogen flame burner 
(10) is positioned downward in the vertical direction. In this 
case, since depositing surface (la) of substrate (1) faces 
upward, even when gas exhausting tube (11) is positioned, 
impurities present in* the reaction container and fine glass 
particles that fail to deposit and float in the container and 
fall onto the surface of substrate (1) and are attached there. 
This leads to defects in the glass film and degradation in 
transmission loss. 

Means to solve the problems 

According to this invention, in order to solve the 
aforementioned problem, the substrate is positioned above the 
oxygen /hydrogen flame burner and the depositing surface of the 
substrate faces downward; By means of this configuration, it is 
possible to prevent undesired objects present in the reaction 
container from falling on the surface of the substrate and 
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attaching. The angle formed between the flow of the spray of the 
oxygen/hydrogen flame burner and the vertical line is in the 
range of 0-85°. In other words, it is necessary to have a 
configuration that ensures an angle of 90-5° between the flow of 
the oxygen /hydrogen flame burner and the substrate. 

When the fine glass particles deposited on the surface of 
the substrate are well heated by the flame of the burner, the 
particles are bonded chemically to each other. Consequently, the 
particles do not float in the [container] upper portion. Even 
when the depositing surface is positioned facing downward, the 
particles do not fall off. Also, even when the substrate is held 
in a fixed position by means of vacuum suction, it is also 
possible to use a metal fixture to keep it in place. 

" Figure 1 is a diagram illustrating the basic configuration 
of this invention. In this figure, (21) represents a seed rod; 
(22) represents a reaction container; (23) represents a rotating 
table; and (28) represents a gas exhaust tube. Substrate (24) is 
attached on the lower side of rotating table (23) . By means of 
oxygen /hydrogen flame (27) sprayed at an upward angle and formed 
by oxygen/hydrogen flame burner (26) positioned below, fine 
glass particles are formed, and fine glass particle film (25) is 
attached and deposited on lower surface (24a) of substrate (24) . 

Function 

In the step of deposition of fine glass particles, the 
deposition efficiency of the fine glass particles is in the 
range of 70-90%. Unattached particles are sucked by gas exhaust 
tube (28) , but it is hard to remove the particles completely. 
Consequently, excess powder float in the reaction container or 
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are attached to the reaction container. The floating powder in 
the reaction container and the powder attached to the inner wall 
are well heated by the flame of the burner as explained in the 
above, so that the particles are chemically bonded to each 
other. Consequently, the particles may well fall to the lower 
side of the reaction container. Consequently, in the 
conventional method, in which the substrate is positioned with 
its depositing surface facing upward, despite suction from the 
exhaust tube, there is still a significant amount of that powder 
that falls on the deposited film. 

In order to avoid this problem, it was found by the present" 
inventors that one may position substrate (24) with its 
depositing surface (24a) facing downward while substrate (24) is 
positioned above oxygen /hydrogen flame burner (26) . As far as • 
the method for fixing substrate (24) is concerned, as shown in 
Figure 2, it may be positioned using the vacuum suction method 
by hollow seed rod (21) , or, as shown in Figure 3, it may be 
fixed by fixture (29) made of metal or a ceramic. As explained 
in the above, and as shown in Figure 4, the angle between the 
flow of spray of oxygen/hydrogen flame burner (26) and the 
vertical line is in the range of 0-85°. In other words, the 
angle between the flow of the oxygen/hydrogen flame burner and 
substrate (24) should be in the range of 90-5°. 

Application example 

As shown in Figure 1, SiCl 4 was fed at a rate of 300 cc/min 
to burner (26). By means of the oxygen /hydrogen flame, 
hydrolysis formed fine particles, which were attached and 
deposited on substrate (24) . Substrate (24) is made of silicon 
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and has a diameter of 12.7 cm. On the periphery of a 
1-m-diameter rotating table (23), 20 substrates were set side by- 
side. For fixing of the substrates, the vacuum suction method 
was adopted. The rotating speed of rotating table (23) was 
1 rpm, and powder attachment was performed for 3 h. 

As a result, there was no excess powder attached on 
depositing surface (24a) of substrate (24), and a glass thin 
film free of defects was formed on substrate (24) . 

Effect of the invention 

As explained in the above, according to this invention, by- 
positioning the substrate, which is to have fine glass particles 
deposited on it, with its depositing surface facing downward, it 
is possible to form a glass film with few glass defects on the 
substrate and [also] free of falling and attaching excess powder 
during deposition of ' the fine glass particles. The method is 
effective to adopt for an optical waveguide with low loss. 

Brief description of the figures 

, Figure 1 is a schematic diagram illustrating a 
manufacturing device for use preferably in the manufacturing 
method for the fused silica glass optical waveguide of this 
invention. 

Figures 2 and 3 are schematic diagrams illustrating 
examples of the attachment structure for the substrate with the 
depositing surface of the substrate facing downward. 
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Figure 4 is a schematic diagram illustrating the angle 
between the oxygen /hydrogen flame burner and the substrate in 

this invention. 

Figure 5 is a diagram illustrating a conventional 
manufacturing process for the fused silica glass optical 
waveguide. 

Figure 6 is a schematic diagram illustrating the structure 
of the conventional manufacturing device of the fused silica 
glass optical waveguide. 

21 Seed rod 

22 Reaction container 

23 Rotating table 

24 Substrate 

24a Lower surface of substrate 

25 Fine glass particle film 

26 Oxygen /hydrogen 'burner 

27 Oxygen /hydrogen flame 

28 Gas exhaust tube 

29 Fixture made of metal or a ceramics 
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Figure 6 

Key: 1 SiCl 4 , etc. 



©IntCL* S»dE^ Frn&Wtt ®^§B "¥^4 ^(1992) 

C 03 B 19/01 6971 —4 G 

G 02 B 6/12 M 7Q36-2K 

ggff3£ XmiZ gg sftigoK 2 (i 5 I)* 

@# ES ¥2-182800 

El ¥2(1990)7^12B 

®^ ■ A tt£»ffLX*«a*tt *Efl?*EHj**E4tiS4T§ 5#33^ 

8ft 1 A $ 



91 *fl » 

1 . fkW <0 * 

2. tf ft K * a £ B 

o±#KEStr* t t t n e s <e 

^^Gfi^lSjir^LTO* - 8 5* <0 ie £3 ft R 
,:, -tSMi:EIts:t tffftfc-fi&KA* 
* it ft o 8 S * ft . 



^^^-tiO Jt^i;Ei?ftitt <> i= tt £ ft 
G]* < *&E£rfi]K>fLT0' - 8 5* la ffi o ft K 



— 1 53 — 




3. KmnKtotSLW 
*ft9!ii. 3paB#atBK^3t»a<0-oT<> 



[ tt * « « w 1 

SffSHti. & * o ft 

(a) s i c i .eifi^ttin; 

r 7 t ffl 3ST * X 8t£* * 2 a . 37ffl#? 
?-IB 3 a * Xfi * a t * . 

( b ) fiJtf^ac^iZ a, 



3 v £ 

* * at 

£ £ 

** * 

K t 

£ A 

± H /< 

* St £ 



* x t t i e » * * l i t-ftxfitas&tt^cti; 

£ £ # tt 5E fi ( H a* * f ) un«ttift*L 

* m tt * s * ( *a a * n * . t ft , m a h h * * 

(C eC 1 . * T i C I,) OiSKtffft?**- 
T « n fi E S A 3t « & 0 ■ IdS/cm 



[ ft W a 1 # eft L * ? iTUai 




HBf 4-74728 (2) 

( c ) St <" * . 3713 bO^J B^t:E£. T r * C i 
ftO>x7t>f6i:nftiLt, 'J » y « 

(d) ft ft »: , 37B3c«r«$**K'«v 

* » 4 O * a »= »* . ^ « * **»*»*Rletfl 
ffl t * *• . 1 ft li . SiO.S^-y^kt 

«6Hli. SB 5 EOfiiSIffiTfiSE^Sfil t 

* ft * 9 *ft!2*JI<OJt!a^£fc ? f> c ft I < 
RUtiBttS, Tt^ 1 liSfi. 10ti 
if 7 z « n ^te^t t l 0 a I4K*» *, 1 
1 li # * T A £ . rf7*at£¥-£-fiEI--T-l 0 
i: g D i6 * ft f: S i C I , 5^ JgJxEfi i ft m ] 



T € S T- 
ft M m iZ . 
IBS L t i 
* I S 
fff 2 1 i 
3 li @ G ■ 
£ « 2 4 I 
<■> iz T Jj i 
? K 4 ^ * 

* r 9 * « |; 



3 a £ fit 12 ^ A f * fi & ti -& . 'frJ£&*i.fc*'9*tttt*l± :ft> fcjj» 



■3 ft 



K * Sf - ^ I 0*»aiT»|S)KI*MtTffilElK 

1 wlSi 1 i^t^fl^tv^:*), BE 5K ^ 
1 l a« K »t h ti X v» T (, , £ £• 5? S i: i? 4 f * 

* % £ i ii a * T K £ lc- S 8 fl* K » L "C v* 
fctf?*!*?*** 1 . £t£i (0 3c E K 55 T . T 

* £ fc a 1 J> o . : tvli . *f5*&<0XR3O&Bfc 

[tt8*»£fSft*>o*a] 

* ft 9! T ;: . n5ieattt»ifctSftO 

^tta'fiffioftffiizSTL. * * * *I ft 
ihti: o. Itt * S '< 

i5£?)ftr.'t'i;£Ri: JU T fil T Pi K * l ■ 
3 5' OK. S 3 t r. , K * % ~ + ^ 
£ £ t O G t ft £ ;>< 9 0 * - 5* *> 15) ? *> 
i:£I?ni:ii''i!'Jf?«4. 



£*« 
ISA 

tt e w 
- * « 

o ' - 

-A tit 



2 6 <r> q{ ; 
0 " - 85 
t £ 6t 
"C ^ o ^ ^ 

0 0 c c / 

7 c m t 
3 O n ^ i: 
£ €• ffi v» r ; 
n T . 3 5* 

: * 5r ^ a 

'* ^ * » 0£ 



- If) I - 



[ ft ?! o R 
W JL & a 



m T 4-74728 (g 
w ft is 9? ft u r , 

h Cr 4 5 * £ * 
3 c «■ n i ^: '« ^ 

O -ft j* $ f ffl X '17 "7 . 

HBTlJftSll'fc 
8 £ t ? <b i: 1U < 

fr ^ 1 li S « . 1 0 ii 
1 0 a (± K * ft ft . 1 

aiiftjj^-f i o 

K X D IS£?tv4S* 

» K IE fe ft it . 3!T 9 X 
3 K /: 5 ^ » K f li 




Wiaf-4-74728 (3) 



" ^ fS] i: (S] *f T & {£ l t; 

ft . C <0 J£ £ . & t£ 
I v> t v « /: ») , IJf ft £ 

0 ft is c s t . ft fir 

'^xgo^ttoKi tat 

4 £ t t r + 4 • 
*ft ] 

L * # tfc T 4 ft *t> i: , * 
£lt o t i t C i^'" 
St*. COffifittlSffl 

Bfe ^ ft /< — 7-0 

1 J, *-* ft at *< . o • - 

'< - * o % n t 
*c_* 4 x * 



g «E X BS l - ft « Jtt-fll 3*4*r**Ra*ii, 
/f _ * ft k * H^H0!!i?n4;t oTC 

t4;t4«i<, * n •» ji . maaBtT^rufSiit 

•CfcJ5T$OSft.li£<C:v. & is . & £ ll £ 

* 2 1 li > - K « , 2 2 llfi[ic^ST«i 9, 2 

* ffi 2 4 tBfif-r* 2 3 O T » C St E L . ? 
t>i:T^i:EIL/:K*R/<-t2 6 £ X 9 j£ 
?ft.4fl*>Jt:#i;iRfii*4K;fcft*ft2 7 C X "9 
^9^«tt^e^(£L, »fi2 4J)JiB2 4 a i: 
**9^C5tt^R2 5<:ff*5lt, 

G'POitSS&Sli, 7 0- 9 0%?<>g,ft*? 
*i4i*of:fi^tt, ^ * 2 8 X 0 ft 51 ? it S i« , 



2 6<oinaitf>icfi.d r fiffliair>tL-ra-rftaE36f % 

0' - 85* OH, Ift S t ^ l/ . « * ft '<-*■■ o 
S^Lt SfiE 2 4 tOKtftSi 1 9 0' - 5* OKI 

r *> 4 x i i:£|?ni £ t4<£.£TJ»4. 

» 1 S IC U w» t , /< - * 2 6 U S i C I 4 ' 3 
00c c / 5r * £ A L , Bf*ft*ftKXi)l)a*5r 
* S * . £ « 2 4 tc ft * % 1ft 

« * ft . £ £ 2 4 ti y> a > « T . ESI 2. 
7cm<0(><0trfflv», tS 1 m W@fjf' - 2 

ft * ffl ft . BCf-rH'2 3 Ogeaii I r p 
m ? , 3 ft* 15! . « ft »t * ff o £ . 

fOJS*, £fi 2 4 O HtfiB 2 4 a i:ft« L 

ft £ 5r O £E 11 £ < U < , & <£ 2 4 ± K X RS «0 C- v» 

C ft W o a * l 
aia ^^ni:, * ft t: x n ir . a ? 



% £ »: *i 0 Jfc < : i ii E a r * c . * ft 5?- 
wai«KesS(«ii:i?jfiL, i ft , K £• $ g a ft 

sr^ft** 4 . ; o ; ? ^ £e-^2f no^Ka 

nScftlLtfc'iUtt, 85 12 L ft x } c /< - t- 
* ft t: x rj+a-tra&ffft^cfcirxoTtt^Fi* 
*Mfc * « K IS * L T 4 ft » % £ & & £ « T # tc 
»Tt 4 "Iffitti'Sv^. L ft d< o T . £ * O j: } 
^, ifitS:fO«RiBU^i:i33iKESLTv 
4«^, !ff«fftf)?l?U»<i4i;U'<^£)r, * 

4 . 

C <r H >t o ft K li . ft ffi 2 4 * K * ft /« 
-t2 6ojtJi:ffiIt4ti: (.1:, &S240 
Jftflta52 4 a«:Ti:F3j»trEia?ti:fi.t*i\»C i 
» * ft m % h \t % t< ft t» ft . S « 2 4 O GS % T. 
l± * 3ff 2 SI tc ft L ft X ? IC , ^ g 4 v - K *S 2 
lCiiRStjt^Ciij)', » 3 H i: ^ L ft x 
fcl*4viit ? i 7^^E<0it^ft2 9 
«r m v» 4 ^ t ft. 1^ W S li U v» „ c o Jft ^ . £ L 
ft X 7 \Z , 4 @ iC ,t f X -7 ic , E * ft /< - t- 



^tatt^SrJttE5^4StitSr«:*iE:^ , -- to oi:.t3 
»: £ ffi Jtt S 85 t T ^ |fi] t+ r E E ? ^ 4 *i 1; 

<= * 5- O iSE i r i6 T . ft £ t 4 C t A' C < * 0 , £ 

»r fig t or 0 • ftiaxcr jt«iSBoft!ii:a«r a 

»C * a ? * 4 „ 

4. mmvmvz&m 

»2(2B;cr^3!aiiT-ft.-fft.4:ft^i:iJv» 

?»? 4 @ i: * ft 9i 1; if 4 K * ft - n tk St 
ic»tr4Cfiflttta^r*ft^w«*:3. 

ft^fltSZElT^ 4 , 

2 1 ■ ■ ■ •> - K I* . 



-74728 



2 2 * 

2 3 ■ 

2 4 • 

2 4 a 

2 5 • 

2 6 * 

2 7 • 

2 8 ■ 

2 9 • 
A. 



EL (& s a * 

B 6 * - * * * 

• £ ffi T ffi * 

# ? * a t- k * 
****** 

& ft £ £ v* 11 -fc ? i r ? A fi ifc 




J, 



21 



-YZZZZZZZZZ 



% 2 0 



21 



>-23 
■24 



/ ^29 
24 



23 



9 1 0 







e 






26 



$30 



-156- 



- » v v..... 



CED' 



J. -21 



27 



£ 1 EU 






* 5 0 



H/Slf 4-74728 (5) 




£ 6 



.V 




26 



•j 

"#| 

r 

*-»\* i 



* -1 13 



-157 



